INTRODUCTION
============

Cardiovascular (CV) disease is the main cause of death in diabetic patients \[[@B1]\], with diabetic patients having a 2- to 4-fold higher risk of a CV event than nondiabetic patients. Furthermore, diabetic patients can sometimes be asymptomatic, even after progression of CV disease. Therefore, it is necessary to identify those patients with diabetes who are at risk of CV events before the onset of their symptoms. The American Diabetes Association reviewed the issue of coronary artery disease (CAD) screening in patients with diabetes to identify high-risk subgroups and improve their CV outcome with intensive modification of risk factors, medical surveillance, and revascularization \[[@B2]\]. However, the risk assessment may be limited, because nuclear and echocardiography stress tests have a poor prognostic value in diabetic patients compared with the general population with suspected CAD \[[@B2][@B3][@B4]\].

The emergence of high-resolution multi-detector coronary computed tomography angiography (CCTA) has provided an opportunity to evaluate coronary anatomy noninvasively, and to determine the presence and extent of coronary atherosclerosis \[[@B5]\]. Several CCTA studies showed that diabetic patients have a higher prevalence of CAD and fewer normal coronary arteries than nondiabetic patients \[[@B6][@B7]\]. Nevertheless, the recent European Society of Cardiology guidelines do not recommend CCTA for risk assessment and advise the use of other noninvasive image testing methods in high-risk diabetic patients \[[@B8]\]. By contrast, the American College of Cardiology Foundation/American Heart Association guidelines for detection and risk assessment of CAD suggest that CCTA may be appropriate in high-risk diabetic patients \[[@B9]\]. In this article, we sought to review the impact of subclinical coronary atherosclerosis (SCA) on asymptomatic diabetic patients, and to determine the relevance of SCA as an important risk factor in the screening of asymptomatic diabetic patients before they present with symptoms of CAD.

PREVALENCE OF SUBCLINICAL CORONARY ATHEROSCLEROSIS
==================================================

The actual prevalence of SCA in a truly representative population of diabetic patients has not been ascertained. Previous studies exploring the association between CV risk factors and CCTA-determined coronary atherosclerotic burden in type 2 diabetes mellitus (T2DM) patients have shown various prevalence rates for SCA. A large cohort study (the Multi-Ethnic Study of Atherosclerosis) reported that 63% of diabetic patients had a coronary artery calcium (CAC) score \>0, compared with 48% of those subjects without diabetes \[[@B7]\]. In a similar manner, a Korean single-center registry study indicated that plaque of any type was more frequently observed in patients with diabetes than in patients without diabetes (58.4% vs. 51.2%, *P*=0.001) \[[@B6]\]. In an article focusing on Southern Asians, asymptomatic T2DM patients had a higher rate of CAC score \>0 (69% vs. 55%, *P*\<0.05) and more obstructive CAD (39% vs. 27%, *P*\<0.05) than Caucasian patients selected according to matched criteria \[[@B10]\]. The differences in prevalence could be explained by the diversity in race. Another study reported that the differences in CAC score associated with diabetes varied with race, with values of 1.37 (95% confidence interval \[CI\], 1.03 to 1.81) in Caucasians, 1.38 (95% CI, 1.02 to 1.87) in Hispanics, 1.58 (95% CI, 1.20 to 2.09) in African Americans, and 2.37 (95% CI, 1.59 to 3.53) in Chinese \[[@B11]\]. However, the relationships between risk factors and CAC showed no significant differences between races. Thus, the racial differences in CAC prevalence among diabetic patients are likely due to unmeasured risk factors and genetic susceptibility \[[@B12]\]. As many previous studies were confined to Western populations and the prevalence of SCA in diabetic patients differs between countries, there is a need to investigate the actual prevalence of SCA in diabetic patients in each individual country.

THE CHARACTERISTICS OF CORONARY ATHEROSCLEROSIS
===============================================

The technology behind CCTA has advanced dramatically, with the result that physicians can now investigate the characteristics of plaque, instead of only evaluating the calcium level of the coronary artery. Published studies assessing plaque characteristics have shown a relatively high proportion of nonobstructive plaques in diabetes, ranging from 70% to 80% \[[@B13][@B14]\]. In terms of plaque constitution, previous studies reported that 34% and 41% of plaques were classified as noncalcified plaque, proportions that are higher than those of 21% and 24% in nondiabetic patients \[[@B6][@B13][@B14]\]. These noncalcified plaques were associated with a family history of diabetes, and newly diagnosed patients tended to have a large volume of noncalcified plaque, especially patients with asymptomatic diabetes \[[@B15][@B16]\]. Asymptomatic diabetic patients therefore appear to have a relatively high prevalence of noncalcified plaques, with these being mainly nonobstructive. Although such nonobstructive lesions are not associated with induced ischemia, plaque rupture may occur frequently in nonobstructive plaques ([Fig. 1](#F1){ref-type="fig"}) \[[@B17]\]. Therefore, the detection of an increased nonobstructive plaque burden using CCTA may be clinically important in asymptomatic diabetes patients with a familial history of CAD and those patients who have been recently diagnosed with asymptomatic diabetes.

An analysis of the locations of CAD lesions revealed that 30.5% of patients had significant CAD, and that 16.5% of patients showed a significant stenosis in the left main or proximal left anterior descending artery on CCTA \[[@B13]\]. Although asymptomatic diabetes patients showed a higher CAC score and more significant CAD than nondiabetic subjects, there were no significant differences in high-risk CAD, which was defined as at least 2-vessel CAD with proximal left anterior descending artery involvement, 3-vessel CAD, or left main disease \[[@B6]\]. These characteristics of coronary atherosclerotic plaque in asymptomatic CAD in diabetic patients were summarized in [Table 1](#T1){ref-type="table"}. According to the studies published so far, high-risk CAD involvement is not related to the presence of diabetes, although the volume of atherosclerosis or plaque invading the coronary arteries, and unstable features of plaque, are associated with diabetes \[[@B6][@B13][@B18][@B19]\].

PROGRESSION AND PREDICTORS OF SUBCLINICAL CORONARY ATHEROSCLEROSIS
==================================================================

Diabetic patients are characterized by the presence of an accelerated progressive atheroma burden with a significantly increased incidence of CV events \[[@B20]\]. A recent study reported that asymptomatic patients with newly diagnosed diabetes had plaque features associated with increased vulnerability \[[@B16]\], a finding that indicates that early-stage diabetic patients constitute an important therapeutic target for the prevention of future CV events. Several studies have investigated the predictors of atherosclerosis progression and the impact of atherosclerosis progression on CV events in diabetic patients. These have reported rates of atherosclerosis progression ranging from 8.8% to 29.6% during follow-up periods (about 2 years) \[[@B21][@B22][@B23]\]. The determinants of progression of CAC in diabetic patients were established as age, male gender, blood pressure, smoking, hyperlipidemia, waist-hip ratio, duration of diabetes, presence of retinopathy, statin use, white race, and Framingham risk score \[[@B21]\].

There are conflicting opinions over reducing CAC or coronary atherosclerosis in diabetic patients by strict glycemic control. While one study did not find a decrease in the progression of CAC by intensive glycemic control \[[@B24]\], other studies reported that patients with suboptimal glycemic control had more progression of CAC, and that a poor prognosis was observed in those patients where coronary atherosclerosis had already occurred \[[@B23][@B25]\]. A recent study revealed that, in well-controlled diabetic patients, blood pressure, statin use, and the length of coronary artery lesions were independent factors predicting progression of CAC and atherosclerosis \[[@B25]\]. Therefore, good glycemic control could be important in the progression of CAC or atherosclerosis, and many clinical risk factors could aggravate plaque in asymptomatic diabetic patients.

SCREENING AND THE POTENTIAL BENEFIT OF CORONARY COMPUTED TOMOGRAPHY IN ASYMPTOMATIC DIABETES
============================================================================================

Although it is an invasive and complicated technique, fractional flow reserve (FFR) is nowadays considered the most accurate method for detecting coronary ischemia. The Fractional Flow Reserve vs. Angiography for Multivessel Evaluation (FAME) trial demonstrated FFR to be a clinical and prognostic standard method, because its ability to guide decisions on revascularization resulted in better clinical outcomes than angiographic-guided revascularization \[[@B26]\]. In the FAME study, 47% of lesions were considered intermediate in stenosis severity, with only one-third of these lesions resulting in coronary ischemia \[[@B27]\]. A prospective clinical head-to-head comparative study in suspected CAD patients compared the diagnostic accuracy of CCTA, single-photon emission computed tomography (SPECT), and positron emission tomography with examination of all coronary arteries by FFR \[[@B28]\]. CCTA exhibited a high sensitivity (90%) and negative predictive value (89%), even in comparison with FFR \[[@B28]\]. SPECT was limited by a high rate of false negatives in cases of balanced ischemia, such as 3-vessel disease or left main disease. This limitation was also identified in a recently published meta-analysis suggesting a low sensitivity for SPECT in comparison with the FFR reference standard \[[@B29]\]. Therefore, despite a lack of information on the coronary functional state, CCTA is a powerful noninvasive method for ruling out hemodynamically significant CAD.

Nevertheless, the most recent American Diabetic Association guidelines recommend against screening for CV disease in asymptomatic diabetic patients, because there is a paucity of data suggesting any specific benefits of invasive interventions over medical therapy alone \[[@B30]\]. However, many potential reasons for appropriate screening of obstructive CAD may still remain. First, the identification of asymptomatic CAD by appropriate screening could result in the provision of precise and appropriate treatment strategies for patients, such as suggesting more aggressive lifestyle modification and better medical or invasive interventions, efforts that may dramatically decrease the CV death rate. In addition, effective screening of obstructive CAD could help prevent the various complications associated with CAD, including heart failure and arrhythmias, and eventually the overall cost of managing diabetic patients may be significantly reduced. In patient trials, traditional individual risk factors for predicting CAD are subject to limitations such as overestimation and heterogeneity, and it takes a long time for diseases to present, and hence to evaluate risk factors. For these reasons, the detection of subclinical atherosclerosis or the screening of CAD in asymptomatic diabetic patients is valuable, and options has been suggested for overcoming several limitations of the traditional risk factors.

In the Detection of Ischemia in Asymptomatic Diabetics (DIAD) trial, no significant differences in cardiac death or nonfatal myocardial infarction were found between the screened and not-screened subjects, because the screening group showed a low rate of CV events that was below the expectation, as well as less coronary revascularizations \[[@B31]\]. One randomized trial has evaluated the use of CCTA in asymptomatic patients. The Effect of Screening for Coronary Artery Disease Using CT Angiography on Mortality and Cardiac Events in High-Risk Patients with Diabetes (FACTOR-64 study) showed that patients with diabetes and large amounts of coronary atherosclerosis did not show reduced rates of CV events after changes in medical care, because the overall CV event rate was lower than expected \[[@B32]\]. Another recent study, the Does Coronary Atherosclerosis Deserve to be Diagnosed Early in Diabetic Patients (DADDY-D) study, enrolled diabetic patients without CAD, who were then randomly assigned to screening for silent myocardial ischemia followed by revascularization or to continuing follow-up \[[@B33]\]. Again, only a small portion (4.6%) of the screened patients received revascularization, and therefore this study failed to demonstrate a significant reduction in CV events, a finding similar to those of previous studies ([Table 2](#T2){ref-type="table"}). To date, there are no data demonstrating improvement in clinical outcomes with the use of CCTA screening in asymptomatic diabetic patients. Possible reasons for failure of previous studies include a lower manifestation of CV events after optimal management during follow-up and coronary revascularization, which is not able to reduce future CV events in asymptomatic patients. Because of the low CV risk of asymptomatic diabetes, previous studies could not provide evidence demonstrating the effectiveness of screening using CCTA.

To overcome this, a risk-score model for the assessment of CAD was suggested for use in asymptomatic diabetes. Several studies show that CCTA is an effective method for risk assessment and re-stratification in high-risk asymptomatic patients with diabetes \[[@B34][@B35][@B36]\]. After formulating a risk-score model with variables for significant CAD, the low- (≤3), intermediate- (4 to 6), and high-risk (≥7) groups showed significant differences in 5-year cardiac event-free survival rate (96.6%±1.5% vs. 88.9%±1.8% vs. 73.8%±4.1%, respectively; log-rank *P* for trend \<0.001) and the probability of CAD (12.6% vs. 29.4% vs. 57.7%, respectively; *P* for all \<0.001) \[[@B36]\]. On the basis of this CAD risk-score model, the authors proposed that further evaluations for CAD are not recommended for low-risk patients, that CAC scoring may be appropriate as a screening test for intermediate-risk patients, and that CCTA might be considered as a first-line test for high-risk patients ([Fig. 2](#F2){ref-type="fig"}) \[[@B36]\]. Another method suggested for overcoming the limitations shown by the screening studies is to use a noninvasive technique for the determination of FFR for selected coronary segments; this can be accomplished through analysis of CCTA \[[@B37]\]. CCTA-derived FFR enables noninvasive assessment of the hemodynamic significance of coronary artery lesions coupled with determination of the anatomical severity of a coronary stenosis. Prior multicenter trials showed CCTA-derived FFR to have a generally high diagnostic performance \[[@B38][@B39]\]. Although no study has reported on the diagnostic accuracy of CCTA-derived FFR in asymptomatic diabetic patients, we expect that it will be a good method for risk assessment in high-risk asymptomatic diabetic patients.

CONCLUSIONS
===========

In summary, the prevalence of SCA in diabetic patients is high, and the progression of coronary atherosclerosis leads to the onset of future CV events and is associated with a poor prognosis. Although CCTA screening has not yet been demonstrated as improving the outcomes of asymptomatic diabetic patients, it has been shown to be beneficial in predicting future risk, and is promising for screening with an additional technique.
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![Examples of different coronary computed tomography findings. Curved multiplanar reconstructions of the (A) left anterior descending (LAD) coronary artery, (B) left circumflex coronary artery, and (C) right coronary artery of a patient with normal coronary arteries. The curved multiplanar reconstruction of the LAD shows tubular coronary artery disease with a nonobstructive and noncalcified lesion (arrow, D) in a newly diagnosed diabetic patient.](dmj-42-355-g001){#F1}

![Proposed algorithm for individualized coronary artery disease (CAD) screening in asymptomatic type 2 diabetes mellitus patients based on a risk-score model. Adapted from Park et al. \[[@B36]\]. CT, computed tomography.](dmj-42-355-g002){#F2}

###### Characteristics of coronary atherosclerotic plaque in asymptomatic coronary artery disease in patients with diabetic mellitus
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  -------------------------------------------------------------------------------------------------------------
  Asymptomatic diabetic patients have higher CAC score than nondiabetic patients.
  A proportion of nonobstructive plaque is relatively high in asymptomatic diabetes, ranging from 70% to 80%.
  Noncalcified plaque is a main constitution associated with a family history of diabetes.
  Asymptomatic diabetic patients have more significant (≥50% stenosis) CAD than nondiabetic patients
  -------------------------------------------------------------------------------------------------------------

CAC, coronary artery calcium; CAD, coronary artery disease.

###### Descriptions of the studies for screening of asymptomatic coronary artery disease in patients with diabetic mellitus
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  Variable                                                            DIAD (2009)               FACTOR-64 (2014)          DADDY-D (2015)
  ------------------------------------------------------------------- ------------------------- ------------------------- -------------------------
  No. of patients                                                     1,123                     899                       520
  Design of study                                                     Randomized, multicenter   Randomized, multicenter   Randomized, multicenter
  Countries                                                           USA and Canada            USA                       Italy
  Duration of follow-up, yr                                           5                         4                         3.6
  Screening method                                                    SPECT                     CCTA                      ETT
  Results of screening                                                                                                    
   No. of screening arm                                               561                       452                       262
   Positive screening                                                 15 (83/561)               17 (76/452)               8 (20/262)
   CAG related to positive screening                                  4 (25/561)                8 (36/452)                6 (17/262)
   Proportion of patients with positive screening who performed CAG   30 (25/83)                47 (36/76)                85 (17/20)
  Outcomes                                                                                                                
   Cardiovascular death                                                                                                   
    Screening                                                         1.4 (8/561)               1.5 (7/452)               0.4 (1/262)
    No screening                                                      1.2 (7/562)               1.8 (8/447)               1.9 (5/258)
   Nonfatal myocardial infarction                                                                                         
    Screening                                                         1.3 (7/561)               1.5 (7/452)               4.2 (11/262)
    No screening                                                      1.7 (10/562)              1.8 (8/447)               4.7 (12/258)
   Coronary revascularization                                                                                             
    Screening                                                         5.5 (31/561)              5.8 (26/452)              4.6 (12/262)
    No screening                                                      7.8 (44/562)              3.1 (14/447)              8.5 (22/258)

Values are presented as percentage (number/total number).

DIAD, Detection of Ischemia in Asymptomatic Diabetics; FACTOR-64, Screening for Asymptomatic Obstructive Coronary Artery Disease among High-Risk Diabetic Patients Using CT Angiography, Following Core 64; DADDY-D, Does Coronary Atherosclerosis Deserve to be Diagnosed Early in Diabetic Patients; SPECT, single-photon emission computed tomography; CCTA, coronary computed tomography angiography; ETT, exercise tolerance test; CAG, coronary angiography.
